are the results of repeat types insertion or deletion, which results in differences in the number and organization of repeats and point mutations, respectively. The in vitro stability of the CSP sequence has been demonstrated, and intra-and interlaboratory reproducibility have been established [1,4]. The discriminatory power of CSP typing is intermediate between multilocus sequence typing and STRA f microsatellite typing [5,6]. Thus, CSP typing has been recommended as a useful fi rst-line approach to typing A. fumigatus isolates and determining relationships at the sub-population level [7]. Klaassen et al . described 18 CSP types based on CSP locus variations from nine repeat types; in addition, CSP subtypes were discerned from variation in the fl anking sequence, bringing the total number of recognized CSP variants to 19 [7]. Klaassen et al . then proposed the use of a standardized nomenclature for recognition of CSP sequence variants to signifi cantly facilitate CSP typing data exchanges between laboratories [7]. Kidd et al . applied the CSP typing strategy and the proposed nomenclature to Australian clinical and environmental A. fumigatus isolates and observed 15 CSP variants including three newly reported variants. The CSP typing nomenclature was then modifi ed and the total number of CSP types increased to 22 [8].
Introduction
Over the past few years, we have witnessed an increasing frequency of invasive aspergillosis. Nosocomial outbreaks have been reported in many areas and are associated with major morbidity and mortality in immunocompromised patients. Of these organisms, Aspergillus fumigatus is the most frequently species isolated from clinical samples. Molecular epidemiology studies of this pathogen are of great importance for investigating the mechanisms of nosocomial outbreaks and gaining insight into the extent of genetic diversity, relationships between clinical and environmental isolates, and patterns of colonization and invasive infection in patients [1 -3] . However, little is known about these aspects of the Chinese A. fumigatus population as well as the similarities and differences between Chinese isolates and those in other areas of the world.
Cell surface protein (CSP) typing involves DNA sequence typing of a repetitive region of the A. fumigatus AFUA_3G08990 gene encoding a putative cell surface protein (CSP gene) [1] . The CSP gene contains a repeat region with a repeat unit of 12 base pairs, among which a number of repeat types have been identifi ed. Variation in the repeat region and fl anking regions of the tandem repeats
Materials and methods

Isolates
A total of 162 isolates that were of clinical origin and collected from 125 patients suspected with invasive aspergillosis or aspergilloma in 17 hospitals in Beijing were investigated in this study. The isolates were stored in the Research Center for Medical Mycology of Peking University, China, and were identifi ed as A. fumigatus by their macroscopic and microscopic characteristics, their ability to grow at 48 ° C [9] , and sequencing of the ITS rDNA and β -tubulin gene [10] .
DNA isolation
Genomic DNA was isolated from conidia harvested from cultures grown at 30 ° C for 3 -4 days. DNA extraction was performed according to the QIAamp DNA Mini Kit (QIAGEN, Co., Ltd, Shanghai, China) protocol.
CSP typing
The CSP locus was amplifi ed in a reaction volume of 25 μ l containing 25 ng of genomic DNA, 0.08 μ M each of the primers 5 ′ -TTG GGT GGC ATT GTG CCA A-3 ′ and 5 ′ -GGA GGA ACA GTG CTG TTG GTG A-3 ′ (Sangon Biotech Co., Ltd, Shanghai, China), 16 μ M dNTPs, 1 ϫ buffer, 0.05 U/ μ l LA Taq polymerase (Takara Biotech Co., Ltd, Dalian, China). The polymerase chain reaction cycling comprised an initial denaturation at 95 ° C for 5 min, followed by 35 cycles of 95 ° C for 30 s, 58 ° C for 30 s, and 72 ° C for 2 min, followed by a fi nal extension at 72 ° C for 10 min and cooling to 4 ° C. Amplicons were verifi ed by electrophoresis on agarose gels stained with ethidium bromide and then sequenced by BGI Company (Beijing, China).
DNA sequence analysis
Sequences were manually edited and aligned using DNA-MAN software (Lynnon Biosoft, Co., Ltd, USA). Repeat types and CSP sequence types were assigned to isolates as defi ned in the proposed and modifi ed nomenclature [7, 8] .
Genetic diversity
To study the genotypic diversity of A. fumigatus isolates studied, we calculated Simpson ' s index of diversity ( D ), where N is the total number of isolates in the test population, s is the total number of different genotypes described, and n j is the number of isolates belonging to the j th type [2] .
Results
A total of 162 Chinese clinical A. fumigatus isolates were analyzed using CSP tying in this study and 100% typability was achieved.
We examined the nucleotide sequence of each tandem repeat as suggested in the proposed and modifi ed CSP type nomenclature. Table 1 lists the repeat types described by Klaassen et al . and Kidd et al . [7, 8] . We identifi ed eight distinct repeat types in this study. The repeat types r08 and r10 were not observed among the Chinese isolates in this study.
By inspecting the DNA sequences within the tandem repeat region as well as the Ϫ 45 bp and ϩ 9 bp fl anking regions, we identifi ed a total of 16 CSP variants, all of which are summarized with the previously recognized CSP variants in Table 2 . Five CSP variants (designated as t18B, t21, t22, t23, and t24) observed among these isolates in this study were not previously reported [1, 7, 8] . The Simpson ' s index of diversity ( D ) was calculated at 0.8318.
CSP sub-type t18B, which was observed among three isolates from three patients, contains the same tandem repeat sequence as t18A (previously designated t18 [8]) but differs in its fl anking sequence; t18B has GCG rather than GTG at codon 15 as well as CTC rather than GTC at codon 14 (Table 2) . CSP types t21, t23, and t24 were observed in one isolate each and contained seven, eight, and nine repeat units, respectively. CSP type t22 contained eight repeat units and was observed in eight isolates from seven patients. Eight patients had isolates containing at least two different CSP types (Table 3) . Table 4 compares the prevalence of each CSP type among the Chinese isolates to those of the previously reported areas. The most commonly observed CSP variants were t04A, t03, and t01 as seen in isolates from Australia, The Netherlands, and North America [1, 7, 8] , while the least commonly observed variants were t17, t21, t23, and t24. The previously described CSP types t04B, t07, t08, t09, t11, t12, t13, t15, t16, t18A, t19, and t20 were not observed in this study. This study represents the fi rst molecular typing investigation of A. fumigatus isolates from China. The CSP typing technique was successfully used for all isolates in this study, confi rming the utility of this technique and the usefulness of the CSP typing nomenclature for inter-laboratory (1) Bile (1) 2 IA (Probable) t04 (1) Sputum (1) t06B (1) Sputum (2) 3 IA (Probable) t03 (1) BALF (1) t01 (1) Sputum (1) 4 IA (Probable) t03 (1) Sputum (1) t22 (1) Sputum (1) 5 Aspergilloma (Proven) t03 (10) Sputum (10) t04 (3) Sputum (3) t06B (1) Sputum (1) 6 IA (Probable) t0 (2) BALF (2) t03 (1) Sputum (1) 7 IA (Probable) t04 (1) Sputum (1) t02 (1) Sputum (1) 8 IA (Probable) t04 (3) Sputum (3) t18B (1) Sputum (1) IA, invasive aspergillosis; n , number. BALF, bronchoalveolar lavage fl uid.
comparisons. Importantly, fi ve of the CSP variants identifi ed among the Chinese isolates were not observed in earlier studies [1, 7] . Prior to this study, CSP typing was used to describe 428 isolates from Australia, North America, and The Netherlands only, so the current fi ndings add signifi cantly to the body of reported data. This study observed fi ve new CSP variants (t18B, t21, t22, t23, t24), increasing the total number of CSP variants to 27. This group includes the previous t18 type. According to the nomenclature, it is suggested now be recognized as t18A to distinguish it from the t18B subtype. The recognition of these additional CSP types is of great signifi cance, as it will help maintain the standardized nomenclature used for CSP types and facilitate the understanding of the genetic diversity of A. fumigatus . In our study, 18 patients had at least two isolates and eight patients were found to have at least two CSP types, as shown in Table 3 . This confi rmed the fact that co-existence of different genotypes of A. fumigatus in the same case is not uncommon [11] .
The most common CSP types observed in this study were also the most prevalent in earlier studies [7, 8] . Those CSP types that were not observed in this study had a relatively low prevalence in those other studies, and their absence in this study may be a refl ection of sample size.
To date, we have examined only isolates from Beijing, the capital city of China, and have not yet sampled widely across China, although some of the patients in the current study live in other cities. Likewise, the fact that the newly described fi ve CSP types so far have only seen in Chinese isolates may also be due to the same reason. On the other hand, the differences in CSP type ranges may refl ect phylogeographic distinctions among A. fumigatus populations in different areas.
In this study, a total of 16 CSP variants are identifi ed in 162 isolates and the value of D for the CSP gene was calculated at 0.83, which is close to previous study [7] . The discriminatory power of CSP gene typing is between the low discriminatory power of MLST markers and the highly discriminatory power of microsatellite marker in the ST R Af assay [7] . As is reported, microsatellites have been used in the investigation of outbreaks of IA and are sometimes criticized for being too discriminatory, potentially leading to a loss of recognition of relationships between isolates. Guinea et al . found in the study that high genotypic diversity of airborne A. fumigatus can decrease the probability of fi nding clinical and environmental matches [2] . The CSP gene typing with moderate discriminatory could avoid being too discriminatory. With the advantage of ease of performance, universal language of DNA sequence data, standardization of analysis and low expense, the CSP typing can be widely utilized in extensive laboratories, which would allow large scales of prospective surveillance studies, especially in laboratories in less developed cities. Expansion of prospective surveillance studies to other centers in China and other countries would give us more accurate insight into the CSP type ranges, prevalence, and population structures within different regions and allow us to establish a comprehensive and representative set of CSP type defi nitions. In conclusion, this study confi rmed and validated the utility of CSP typing in a newly examined population, and the fi ve new CSP variants described herein add signifi cantly to the total CSP type data, suggesting that a public database should be established to allow for rapid reporting of new sequence variants as they are discovered.
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